This work aimed to assess the safety, tolerability, pharmacokinetics (PK), and relative bioavailability of GSK2838232, an investigational HIV maturation inhibitor.
was terminated in Phase IIb clinical development because of concerns over safety/GI tolerability and viral resistance. 5 GSK2838232 (Figure 1 ) is derived from the triterpene betulin natural product that has demonstrated an excellent virological profile against a panel of viruses and retains activity to viruses with key resistance mutations. 6 The IC90 in cell-based assays has been calculated as 6.4 nmol/L (5 ng/mL), and there was no significant shift in this value in assays to which human serum albumin was added, even though plasma protein binding was assessed in vitro as >99.9% across all species. This value (termed PA-IC90) was considered a minimal threshold to achieve in Phase I studies, prior to evaluation in HIV-infected subjects.
In preclinical studies, GSK28382232 was shown to have low to moderate oral bioavailability (6%-40%, depending on species and formulation) and was excreted via bile (primarily as metabolites) or in feces (primarily unabsorbed drug). The major compound in plasma circulation was parent compound. GSK2838232 is subjected to metabolism via multiple pathways, including Phase I oxidation (primarily by cytochrome P450 [CYP] 3A4) and Phase II glucuronidation, with negligible urinary excretion of drug-related material (≤1% administered dose). Metabolite profiles observed preclinically were qualitatively similar to those observed in human plasma.
The current report presents the results from four Phase I dose escalation studies in healthy subjects to ascertain the safety, tolerability, and single-and repeat-dose pharmacokinetics (PK) of GSK2838232 with and without ritonavir (RTV) as well as the relative bioavailability of suspension and solid oral dosage formulations and the impact of food.
| MATERIALS AND METHODS
Each one of the four studies described were conducted and com- 
| Study population and design
For all four studies, the inclusion/exclusion criteria allowed for the enrollment of healthy men and women of nonchild bearing potential aged between 18 and 55 years of age with a body weight ≥ 50 kg for men and ≥ 45 kg for women, body mass index (BMI) within the range 18.5 to 31.0 kg/m 2 (inclusive), and creatinine clearance >80 mL/min at time of screening. Other screening assessments included 24-hour Holter monitoring and baseline echocardiograms.
| Study designs
2.2.1 | Single-ascending-dose escalation study (5-100 mg) and food effect-spray dried dispersion formulation (Study HMI116787, NCT01802918)
This study was a first-in-human, double-blind, randomized, placebocontrolled, single dose escalation study of GSK2838232 in healthy subjects conducted in two sequential cohorts with four dosing visits in each cohort. At each visit in each cohort, 6 out of the 8 subjects were randomized to receive the active dose, and 2 out of the 8 F I G U R E 1 Structure of GSK2838232 (MW 809.6) subjects were randomized to placebo. Cohort 1 tested escalating doses of 5, 10, and 20 mg GSK2838232 as a Spray Dried Dispersion (SDD) delivered as a powder-in-bottle (PiB) suspension; Cohort 2 tested the same formulation at doses of 50 and 100 mg, the effect of a high-fat breakfast on a 50 mg dose, and the impact of steadystate dosing of 100 mg once-daily (QD) RTV on the PK of a single 10 mg dose of GSK2838232 (administered on Day 10 of the 12 days of RTV dosing). All doses were administered in a fasted state, except in the food effect portion of the study. This study was conducted in parallel with Study 200912 and was planned as a two-part, double-blind, placebo-controlled, repeat dose escalation study of GSK2838232 with and without RTV for 8-11 days. Subjects were randomized 3:1 to receive GSK2838232 or placebo. Part A was designed to evaluate GSK2838232 given alone for 8 days (20 mg and 50 mg GSK2838232 once-daily (QD) for 8 days, respectively) and Part B was designed to evaluate GSK2838232 when co-administered with 100 mg RTV QD for 11 days. Because of the occurrence of an SAE that was eventually determined to be unlikely to be related to GSK2838232 (see Safety discussion), the study was terminated early after one cohort in Part B (10 mg GSK2838232 + 100 mg RTV QD) had completed only 5 days of the planned 11-day regimen. In Part 1A, a cohort of subjects was given single doses of 50, 100, and 250 mg of GSK2838232 with RTV, following 2 days of RTV predosing, in a sequential dose-escalation design. Part 1B studied the relative bioavailability of GSK2838232 given as 100 mg (2 9 50 mg) capsules versus the reference API (PiB) in a two-period crossover design with RTV, following 2 days of RTV predosing. In Period 3, subjects took the capsule formulation and RTV with a moderate fat meal (30% of calories from fat).
|
In Part 2, GSK2838232 was given to separate cohorts as oncedaily 20, 50, 100, and 200 mg doses with RTV for 11 days, with GSK2838232 and RTV dosing starting at the same time (i.e., no RTV predosing). GSK2838232 was administered as PiB for the 20 and 50 mg cohorts and as the capsule formulation for the 100 and 200 mg cohorts. Another separate cohort of subjects received GSK2838232 alone (i.e., unboosted) at a dose of 200 mg twicedaily (BID; given every 12 hours) for 11 days using the capsule formulation to assess trough concentrations without RTV co-administration.
| Bioanalysis
Blood samples were taken via an indwelling cannula or by direct venipuncture, collected into a di-potassium ethylenediaminetetraacetic acid (K 2 EDTA) tube, and placed on wet ice. Samples were centrifuged at approximately 1500g for 10 minutes at approximately 4°C. Exactly 500 lL of the resulting plasma was transferred into labeled 1.4 mL Matrix TrakMate Tubes containing exactly 500 lL of 50 mmol/L citrate buffer, pH 4.0, and mixed well. When 500 lL of plasma was not able to be transferred, the ratio of plasma to citrate buffer was kept at 1:1. Buffered plasma samples were kept on ice and frozen at À70°C within 1 hour of collection. Plasma samples were analyzed for GSK2838232 using a validated analytical method based on protein precipitation, followed by high performance liquid chromatography with tandem mass spectrometry (HPLC/MS/MS) analysis.
Extracts were analyzed using HPLC (Shimadzu, Nexera, 30 series) and tandem mass spectrometry detection (HPLC-MS/MS). The mass spectrometer used was an API-5500 using IonSpray interface 
| Pharmacokinetic data analysis
For all four studies, the primary objectives were to describe the safety, tolerability, and pharmacokinetics of single and repeated doses of GSK2838232 with or without co-administration of RTV. No formal statistical hypotheses were tested. All data were descriptively summarized.
The PK parameters were calculated by standard noncompartmental analysis based on actual sampling times using WinNonlin Version 6.3 or higher. Estimation of AUC used the linear up/log down trapezoidal rule.
For the assessment of relative bioavailability of the capsule formulation compared to the PiB suspension and of the food effect using the capsule formulation (all with RTV), PK parameters were separately analyzed for each treatment using a mixed effects model with fixed effect terms for period and treatment following log e transformation. Subject was treated as a random effect in the model. Point estimates and their associated 90% CIs were constructed for the differences in PK parameter values between the test and reference treatments. The point estimates and their associated 90% CIs were then back-transformed to provide point estimates and 90% CIs for the ratios of PK parameters from test and reference treatments on the original scale.
3 | RESULTS
| Subject disposition and demographics
Across the four studies, a total of 124 healthy subjects were exposed to GSK2838232 or placebo, of whom 9 subjects were female. The subject demographics were similar across all 4 studies with respect to age, weight and height (Table 1) . Of the 124 subjects, one was withdrawn in Study 200207 (NCT02289495) due to an SAE of a cardiovascular nature that was eventually determined to be unlikely to be related to GSK2838232 (detailed in safety results section), and two subjects were withdrawn due to adverse events 
| Multiple-dose pharmacokinetics
The PK profile of unboosted GSK2838232 after multiple dosing for (Table 4) . C max and C24 values with the capsule formulation were 1.6-fold and 1.4-fold of those seen with the PiB suspension, and the geometric LS mean ratio (90% confidence interval) for t½ showed no difference between the two products (data not shown).
When administered in the fasted state, GSK2838232 was rapidly absorbed, with time to C max (t max ) values of 2-3 hours. Absorption was delayed and more variable after food. The bioavailability of the initial SDD PiB formulation after a high-fat (60%) meal was approximately 1.6-fold relative to the fasted state (Study HMI116787, Table 5 ), and the bioavailability of the capsule formulation given with RTV was approximately 1.6-fold after a moderate fat (30%) meal relative to the fasted state (Study 204953, Table 5 ).
| Safety
Nonclinical evaluation in short duration toxicology studies initially gave rise to potential cardiovascular signals which were minimal, appeared sporadically, and were not reproduced in longer term stud- Ritonavir was administered for 12 days, 10 mg GSK2838232 was administered on Day 10 2. Ritonavir was administered for 2 days prior to GSK2838232 dosing Few adverse events (AEs) were reported across all dose regimens, and frequencies of AEs were similar to placebo. The majority of AEs were mild in intensity. Infrequently reported AEs assessed with a reasonable likelihood of being drug-related were headache and dizziness. Sporadic cardiovascular events were seen on active and placebo arms, and none were considered definitively related to In aggregate, the studies showed that a micronized API formulation of GSK2838232 in capsules was suitable for future clinical studies. All products were quickly absorbed with t max of 2-3 hours when administered in the fasted state. In the fed state (moderate or high fat meal), the absorption was delayed and more variable. The presence of food causes the release of bile that is expected to increase solubility of GSK2838232 due to bile surfactant properties. The transition to a capsule formulation included the addition of excipients (e.g., lactose and cellulose) as part of the blend (~75% of the total load), and the presence of these excipients is expected to delay GSK2838232 precipitation, allowing more drug to be in solution for absorption. 7 This phenomenon is widely known as the "parachute effect". between hepatic and GI CYP3A4 inhibition and/or P-gp inhibition by RTV co-administration is unknown, but CYP3A4 and P-gp have largely overlapping substrate specificities and are co-localized in the intestine, working in a coordinated transport-metabolism manner.
11
Co-administration of GSK2838232 and RTV together on Day 1 without ritonavir predosing showed only about a 25% reduction of Day 1 AUC and C max value relative to the GSK2838232 AUC seen after the first GSK2939232 dose following predosing ritonavir to steady-state. These data indicated that there is no need to predose with RTV in HIV patients, as GSK2838232 plasma concentrations attain potentially therapeutic levels within a few days. 
